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INTRODUCTION
Cyanobacteria, Gram-negative photoautotrophic prokaryotes, require substantial quantities of iron (Fe) to maintain many biological activities, including photosynthesis. Cyanobacterial iron requirements exceed those of nonphotosynthetic prokaryotes approximately 10-fold and are exceptionally high even among other photosynthetic organisms (Keren et al., 2004; Kranzler et al., 2013) . Although iron is abundant in the Earth's crust it is nevertheless a limiting factor in many marine, freshwater and terrestrial environments. In the Earths' oxidative environment the most common iron ion, Fe 3+ , suffers from very low solubility. In water bodies, iron bioavailability is typically in the subnanomolar range (Byrne and Kester, 1976) . Surges in iron concentration occur following short lived Aeolian dust deposition or deep mixing events (Richier et al., 2012; Shaked and Lis, 2012) . These aspects of iron geochemistry impose conditions in which the proliferation of photosynthetic organisms depends on their ability to maintain homeostasis during the transition into limiting conditions and, equally important, during the transition out of limiting conditions. To thrive in aquatic environments photosynthetic organisms must negotiate these dynamic transitions in iron bioavailability.
When transitioning into iron limitation, iron must be released from storage and safely transported to cofactor synthesis pathways, avoiding potential oxidative damages from free intracellular Fe.
In the low Fe acclimated state the internal Fe quota of Synechocystis sp. PCC 6803 (a laboratory model strain, hereafter Synechocystis 6803) drops by a factor of 5 (Sharon et al., 2014) , while the maximal transport rate increases 40-fold (Kranzler et al., 2011) . When iron bioavailability suddenly increases internal quotas might surge and, with them, the risk of massive oxidative damages. In laboratory studies the focus was, to a large extent, on the transition into limitation, while the dynamics of transition out of limitation received less attention.
In this study we probed transitions in both directions, in two bacterioferritin co-migratory peroxiredoxin deletion mutants (PRX; see Section S1 for more details on these proteins). One of which (Dslr0242) exhibited an iron starvation recovery phenotype. However, surprisingly, this phenotype was found to be derived from a different gene, unrelated to peroxiredoxins -the slr1658 gene.
RESULTS

Analysis of mutations in slr0242 and sll0221, encoding bacterioferritin associated PRXs
Analysis of the two disruption mutants in the putative PRX genes slr0242 and sll0221 was performed during transition into and out of iron limitation. We used two medium types, 10Fe (YBGII, 10 lM Fe: 16 lM EDTA) and 0Fe (YBGII, 16 lM EDTA, no added Fe). Cultures grown in 10Fe were transitioned to 0Fe for 7 days and then back to 10Fe for up to 3 additional days. Cultures were also transferred between 10Fe medium as a control. To account for the inherent variability of growth curves we repeated each experiment four times, the statistical significance of the results is reported in Table 1 (additional details on the analysis of slr0242 and sll0221 disruption strains in Section S1). Our results suggested that slr0242 is linked to intracellular Fe homeostasis (Table 1 , Section S1 and Figures S1-S3 ). The knockout strain did not recover properly following the transition from 0Fe to 10Fe (0Fe?10Fe). Growth did not resume, photosystem I (PSI) activity remained low and IsiA fluorescence remained high. IsiA is an iron-regulated chlorophyll a-binding protein which can act as an antenna when bound to PSI but can also dissipate absorbed light energy (Chen and Bibby, 2005; Ryan-Keogh et al., 2012; Ma et al., 2017) .
slr0242 is located close to slr0243, encoding a hypothetical protein ( Figure S1(a) ). Both genes are co-transcribed as part of the dicistronic transcriptional unit TU127, from a single transcriptional start site at position 143881 (Kopf et al., 2014) . To clarify the genomic context of the phenotype we produced two additional disruption mutants in the two genes in the operon (Section S2 and Figure S4 ). Surprisingly, the distinct phenotype observed following the 0Fe?10Fe transition in the original Dslr0242 was completely lost in these mutants. Thus, we concluded that the originally observed Dslr0242 phenotype must have been caused by a different mutation.
Whole genome resequencing of the Dslr0242 strain identifies an unrelated single frameshift mutation in the slr1658 gene
To identify the genetic basis of the above described phenotype, MiSeq Illumina resequencing was carried out on DNA from the Dslr0242 and, as a control, on the 'wild type' that was the genetic background for the mutant strain. This procedure resulted in identification of a single point mutation in the slr1658 gene (Section S2). This mutation is a deletion of one nucleotide, causing a frameshift ( Figure S5 ). Therefore, to properly describe the original Dslr0242 strain we renamed it as follows, Dslr0242_slr1658m, to indicate the point mutation in the slr1658 gene. slr1658 is annotated as coding for a protein of unknown function, 199 amino acids in length and with a molecular mass of 22.6 kDa. As a result of the mutation, the C-terminal sequence of Slr1658 changed and became truncated by 21 AA ( Figure S5(c) ).
Validation of the slr1658 phenotype in complementation and knockout strains
To unequivocally link the recovery phenotype to slr1658 we complemented the original Dslr0242_slr1658m frameshifted strain with a wild type copy of slr1658 ( Figure S6(a) ). The resulting strain, Dslr0242_ slr1658c, exhibited growth rates identical to those of the wild type, upon transition into and out of iron limitation ( Figure 1 and Table 1 (b)). Maximal PSI activity in the complemented strain was also restored to wild type values during recovery (Figure 1(c) ). These results verified the connection between the slr1658 mutation and the 0Fe?10Fe transition phenotype.
To verify our observation with the point-mutation mutant, we reconstructed the slr1658 knockout mutant strain (Dslr1658; Figure S6 (b)). The phenotypes associated with the point mutation were reproduced in the new mutant, growth recovered slowly from iron limitation (Figure 2a) , PSI activity was also slow to rise following the 0Fe?10Fe transition (Figure 2b ). Chlorophyll fluorescence spectroscopy indicated the continued presence of IsiA 3 days after the 0Fe?10Fe transition (Figure 2c ). The effect observed during recovery was not a result of differences in the viability of wild type and mutant cells at the end of the limitation period. Sytox live/dead staining indicated that the fraction of live cells, while being lower in iron limited cultures, was similar for both wild type and Dslr1658 (Figure 2d , Section S3 and Figure S8 ).
Iron and oxidative stress are tightly linked (Shcolnick et al., 2009) and the 0Fe?10Fe transition raises the risk of oxidative damage. Indeed, during recovery, Dslr1658 exhibited increased sensitivity to externally applied hydrogen peroxide (Figure 3 ). These results indicated a problem in handling and storing iron following the 0Fe?10Fe surge in Fe bioavailability.
The slr1658 gene is part of an operon coding for putative regulatory proteins slr1658 is part of an operon transcribed from a transcriptional start site at position 3459716 (Kopf et al., 2014) . This operon contains three genes, all annotated as unknown or hypothetical. Searches against the Pfam database returned no evidence for the presence of characterized domains in these proteins. However, searches against the SMART/ STRING databases (Letunic et al., 2015) revealed the presence of a histidine kinase-like ATPase domain (HATPase_c) (e-value 2 9 e À10 ) in Slr1658. Slr1659 was predicted as its closest possible interaction partner based on multiple evidence (Szklarczyk et al., 2015) , including gene fusions between the respective homologues, e.g., in the cyanobacteria Mastigocoleus testarum (Sequence ID: ref|WP_063800790.1|) and Rivularia sp. PCC 7116 (protein Riv7116_2462). The analysis of phylogenetic relationships between Slr1658 homologues demonstrated a signal that is not completely congruent with taxonomy. Homologues are missing, for example, from all Prochlorococcus strains ( Figure S7 ) and from photosynthetic eukaryotes. They can, (Salomon and Keren, 2011) . This value represents the number of active PSI reaction centers per cell. T0 values are similar to those recorded in the past for Fe limited cells (Sharon et al., 2014; Salomon and Keren, 2015) . [Colour figure can be viewed at wileyonlinelibrary.com] however, be found in non-oxygenic photosynthetic organisms such as Rhodospirillum rubrum and chemoorgano-heterotrophs like Beggiatoa alba. The latter organisms represent strains with well documented oxygen tension-related shifts in their metabolic activities (Johnston and Brown, 1954; Schmidt et al., 1987) .
Further bioinformatics analysis revealed significant similarities to cyclic di-GMP binding proteins for Slr1657 and the presence of a STAS (Sulphate Transporter and Anti-Sigma factor antagonist) domain in Slr1659 (S€ oding et al., 2005) . Additional bioinformatics details are summarized in Table S1 .
Slr1659 was observed in a study of the Synechocystis 6803 phospho-proteome (Mikkat et al., 2014) . The operon structure is conserved in Synechocystis sp. PCC 6714, but in other cyanobacterial strains homologues may also appear separately in the genome. Altogether, the bioinformatics data indicate that this operon is involved in a hitherto unknown signal transduction, sensory and regulatory process.
Transcriptome remodeling in the slr1658 frameshifted mutant
To test the effect of the mutation in slr1658 on regulatory events during the 0Fe?10Fe transition, we performed transcriptome analysis on the Dslr0242_slr1658m and the Dslr0242_slr1658c strains (detailed in Section S4). The analysis resulted in three major findings: (a) Growth of wild type and Dslr1658 cultures during 10Fe?0Fe and 0Fe?10Fe transition. The Dslr1658 strain exhibits slower recovery from the iron limitation period (n = 3). (b) PSI activity measured as in Figure 1 . DAmax represents the number of active PSI reaction centres per OD 730 . PSI activity in the mutant strains was significantly lower throughout the 3 days following the 0Fe?10Fe transition (n = 3). (c) 77 K chlorophyll fluorescence spectra measured using excitation at 430 AE 2 nm, exciting chlorophylls preferentially. The characteristic IsiA peak at 680 nm remains clearly visible in the mutant strain 3 days after the 0Fe?10Fe transition while in the wild type a typical iron replete curve is observed.
(d) Viability test at the end of iron limitation period (day 7, n = 3). As a control wild type cells were grown on 10Fe media for the same period of time.
(i) The transcriptional profile of Dslr0242_ slr1658m was significantly different from that of the complemented strain already in 0Fe medium (time point À1 before the 0Fe?10Fe transition). (ii) Functional enrichment analysis indicated that the most effected clusters contained translation-associated genes and a wide range of PSI, photosystem II (PSII) and phycobilisome genes. (iii) The largest effect was detected in the TU895 transcriptional unit encompassing a single gene, ssr2016 (Table 2) . ssr2016 codes for a homologue of Pgr5 (Yeremenko et al., 2005) . In plants (Munekage et al., 2002) and in algae (Saroussi et al., 2016) Pgr5 was shown to be involved in the antimycin A-sensitive electron flow from PSI to the plastoquinone (PQ) pool. A ssr2016 mutant of Synechocystis 6803 was also affected in this alternative route (Yeremenko et al., 2005) . Interestingly, ssr2016 was also induced during transcriptome analysis of the sml0013 mutant, encoding the NdhP subunit of the cyanobacterial NDH1 complex, which is also involved in alternative electron transport (Schwarz et al., 2013 ).
To verify this major result, we repeated the experiment and examined the expression profile of the ssr2016 gene in the wild type, Dslr0242_slr1658m, Dslr0242_slr1658c and Dslr1658 strains by quantitative polymerase chain reaction (PCR) (Figure 4 ). In the wild type strain, ssr2016 remained low through the recovery period, from À1 h to 24 h, as compared with the approximately 1000-fold (2 10 ) higher transcript levels observed in the two slr1658 disrupted strains (Dslr0242_slr1658m and Dslr1658). The complemented strain, Dslr0242_slr1658c, exhibited an only 10-fold increase in Pgr5 transcript levels (Figure 4 ). The approximately 100-fold difference between Dslr0242_ slr1658m and Dslr0242_ slr1658c observed here fits well with the microarray data ( Table 2 ). These results suggest that the complementation in Dslr0242_slr1658c, which rescued the physiological phenotype, is 99% complete on the transcriptional level.
Probing the regulatory function of slr1658
Our analysis provided evidence for extensive slr1658-dependent changes in the transcriptome. The most pronounced effect was observed on the transcript accumulation of pgr5 but multiple additional genes were also significantly affected. To get a clearer picture on the role of Slr1658 in the Synechocystis 6803 regulatory network we selected a number of representative transcripts and stress conditions for further analysis. In addition to pgr5 we tested the ironstress inducible transcript isiA (D€ uhring et al., 2006) and the nitrogen limitation inducible nblA transcript (Klotz et al., 2015) . These three genes exhibited significantly altered expression profiles during Fe limitation (Table 2) . Initially, the levels of these transcripts were quantified under control conditions in Dslr1658 versus wild type (full YBG11 medium, logarithmic cultures Figure 5(a) ). The transcript levels of nblA and isiA were higher in Dslr1658 as compared with the wild type. pgr5 levels were more than 2000-fold higher. When examining the transcriptional profile of pgr5 under stress and during recovery we found that its levels are consistently higher in Dslr1658 than in the wild type with very little change over the range of different conditions ( Figure 5(b) ). In comparison, the levels of isiA ( Figure 5 (c)) exhibited a higher basal level in the mutant but a very similar response to stress and recovery to the wild type. nblA exhibited a similar trend with an identical response to nitrogen stress treatment in the wild type and the mutant (Figure 5(d) ).
DISCUSSION
The data presented in this manuscript expose an unexpected connection between iron homeostasis and the function of Slr1658. The bioinformatics prediction together with the transcriptome analysis suggests that this protein has a regulatory role. Several regulators involved in iron sensing and control were previously described, including Cultures were grown for 7 days in 0Fe or in 10Fe media and then transferred to 10Fe for 2 additional days, followed by exposure to a range of H 2 O 2 concentrations for 20 h in darkness (bottom). Aliquots from each treatment were spotted onto BG11 plates (Top). Viable cultures produced colonies on the agar plate in the picture (Top). Three independent repeats are shown for the 0Fe?10Fe recovery and one for the 10Fe?10Fe control.
[Colour figure can be viewed at wileyonlinelibrary.com] Fur proteins (Garcin et al., 2012; Fillat, 2014; Krynick a et al., 2014) , the TetR family regulator PfsR (Liu et al., 2014) and the non-coding RNA IsaR1 (Georg et al., 2017) . However, the pattern of regulated genes affected by Slr1658 differed substantially from the previously identified iron-stress response in Synechocystis 6803 (Hern andez-Prieto et al., 2012). It also differed from the transcriptional response to high light (Muramatsu and Hihara, 2012) , phosphorus (Suzuki et al., 2004) , or nitrogen starvation (Krasikov et al., 2012) . The physiological phenotypes and the transcriptional profiles observed in slr1658 mutants do not fully overlap with any of these, suggesting it is a new player in the cyanobacterial regulatory network. Transcriptional profiling under stress and during recovery from a number of limiting conditions indicated that the prime target of slr1658 is the cyanobacterial homologue of Pgr5 (Yeremenko et al., 2005) . Regardless of the conditions, in slr1658 mutants pgr5 transcript levels are consistently higher than those of the wild type.
In chloroplasts, Pgr5 functions in the antimycin A-sensitive cyclic electron flow route. It is essential for electron transport from ferredoxin back into the PQ pool in this route, but is not sufficient (Johnson, 2011; Leister and Shikanai, 2013) . It functions as part of a complex with PgrL1 and different models place it in association with PSI or with cytochrome b 6 f. In cyanobacteria, the Pgr5 homologue was shown to have a similar effect on alternative electron transfer (Yeremenko et al., 2005) . However, there is no homologue for PgrL1 in cyanobacteria and the identity of possible interacting proteins in alternative electron flow are still unknown (Yeremenko et al., 2005) .
Transcriptional changes during iron limitation and recovery were not limited to pgr5. The transcriptional profile demonstrated an increase in the expression of genes related to oxidative stress response and the degradation of photosynthetic components in Dslr0242_slr1658m. These transcriptional effects were verified in Dslr1658. Oxidative stress and iron homeostasis are tightly linked in photosynthetic organisms (Shcolnick et al., 2009) and through this link to many additional environmental stresses affecting photosynthetic and respiratory electron flow pathways. In addition to the effect on pgr5, we observed changes in the transcriptional profile of stress responsive genes under nitrogen limitation, high light treatment and during recovery from these conditions. However, for these stress response genes it seemed that the Dslr1658 mutation affected the basal level more than the extent of response to stress and recovery.
Based on the data presented in this paper we propose that the function of Slr1658 is regulatory and that its primary target is Pgr5. The systemic effects observed in Dslr1658 could be the result of lesions accumulated during the limitation period or due to an inability to cope with the oxidative stress during the recovery period. Based on the similar growth rates, culture viability and physiological parameter under Fe limitation we suggest that the effect is a direct result of an inability to cope with recovery. Pgr5 function diverts electrons flow from NADPH, which can be used for reactive oxygen species (ROS) detoxification, to ATP. It is overexpression can, therefore, be detrimental under these conditions. Our findings define Slr1658 as a new player in the regulatory network controlling alternative electron flow in cyanobacteria.
EXPERIMENTAL PROCEDURES Media and growth conditions
Stock cultures of the glucose tolerant strain of Synechocystis sp. PCC 6803 and mutants were grown in YBG11 (Shcolnick et al., 2007) medium containing 10 lM iron (10Fe -YBG11 media). Stock cultures of Dslr0242_slr1658m, Dslr0242-2, Dslr0243 and sll0221 strains were supplemented with 50 lg/ml kanamycin. Dslr0242_slr1658c strains were supplemented with 50 lg/ml kanamycin and 25 lg/ml ampicillin. To achieve iron depletion (0Fe conditions) cells were spun down, resuspended in a MES-EDTA solution (20 mM 2-ethanesulfonic acid [MES] , 10 mM ethylenediaminetetraacetic acid [EDTA], pH 5) and placed on a shaker for 20 min. The procedure was repeated twice. Subsequently, cells were resuspended in YBG11 medium with or without added iron (10Fe or 0Fe, respectively). Cultures were grown in 250 ml Erlenmeyer flasks at 30°C with constant shaking. Light intensity was set to 60 lmol photons m À2 sec
À1
. Viability was assessed by Sytox Green dead cell stain (Molecular Probes) (Cohen et al., 2014) using Becton Dickinson FACS Calibur. Wild type Transcriptional changes in the pgr5 gene during the 0Fe?10Fe transition (performed at T0). The sampling regime is identical to that of the microarray experiment (Section S4). Log 2 values of pgr5 transcription abundance are presented. The data were calculated relative to time À1 h of the wild type strain. Transcript levels in each sample were internally normalized to the expression of the housekeeping rnpB gene. Error bars represent standard deviation for three biological repeats. A two-way analysis of variance (ANOVA) test was conducted on wild type versus Dslr1658 and wild type versus Dslr0242_slr1658m (factors: genotype and time). The genotype factor yielded statistically significant results in both cases (P-value < 0.005). Control conditions were 10Fe YBGII medium and growth light (60 lmol photons m À2 sec À1 ). For high light treatment (HL) cultures were exposed to a light intensity of 330 lmol photons m À2 sec À1 for 24 h (HL time point) followed by return to growth light for 6 h (recovery time point). Fe stress conditions were 0Fe medium for 7 days followed by a 2 day recovery in 10Fe. For nitrogen limitation cells were grown in 0N (no added nitrogen YBGII) for 3 days followed by 2 days in 17.5 mM N.
Log 2 values of the transcription abundance of the pgr5, isiA and nblA genes are presented. Transcript levels were determined by quantitative RT-PCR as in Figure 4 . The data are normalized internally to rnpB and to the transcript level of the wild type under control conditions. Error bars represent standard deviation for three biological repeats.
Generation of the mutant strains
The procedure and the primers used for generating the different mutant strains is included in Figure S1 (a-c). Transformation was performed as described in Eaton-Rye (2011).
Induction of oxidative stress
Cultures were grown for 7 days in 0Fe medium and then transferred to 10Fe for an additional 2 days. The cells were then washed in MES-EDTA and the optical density at 730 nm (OD 730 ) was adjusted to a final value of 0.9 in 0Fe medium. This was followed by 20 h of incubation in the presence of 0-16 mM H 2 O 2 in darkness. To assess viability after the H 2 O 2 treatment, 2 ll from each treatment were spotted onto BG11 plates.
Spectroscopy
Cell density was measured as OD 730 (Salomon and Keren, 2011) , using a Carry3000-Bio spectrophotometer (Varian, CA, USA). 77 K chlorophyll fluorescence spectra were measured using a Fluoromax-3 spectrofluorometer (Jobin Ivon, Longjumaeu, France) as described in (Salomon and Keren, 2011) . PSI activity was measured as P 700 photo-oxidation using a JTS-10 spectrophotometer (Salomon and Keren, 2011) . In order to block electron flow to PSI, 10 lM 3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU) and 10 lM 2,5-dibromo-3-methyl-6-isopropylbenzoquinone (DBMIB) were added.
Sequencing
Wild type and Dslr0242 DNA was sequenced using MiSeq Illumina. We performed paired-end sequencing of 250 nt each. To build the genome of the mutant and the wild type, the reads were mapped against the Synechocystis 6803 substrain GT-I (gi| 359270229|dbj|AP012276.1|) genome as a reference. Out of all reads, 5 098 206 reads (98.3%) were mapped as paired. The mean coverage of the genome was 358 with a confidence mean of 35.3.
Transcript analysis -RNA extraction and analysis
Cultures of Dslr0242_slr1658m and Dslr0242_slr1658c used for transcript analysis were collected at several time points before and after the 0Fe?10Fe transition, centrifuged at 1700 g for 10 min at 30°C and frozen in liquid nitrogen. Samples were then resuspended in PGTX and incubated for 15 min at 65°C in a water bath (Pinto et al., 2009) . After addition of 700 ll of chloroform/isoamylalcohol (24:1) and thorough agitation samples were incubated at room temperature for 10 min. Samples were centrifuged with a swing out rotor at 5000 rpm, 23°C for 5 min. The upper aqueous phase was transferred into a new vial and the same volume of chloroform/isoamylalcohol (24:1) was added and mixed. Samples were centrifuged as before and the aqueous phase transferred again and mixed with an equal volume of isopropanol. After gently inverting the tube, RNA was precipitated overnight at À20°C. RNA was pelleted through centrifugation (13 000 rpm, 4°C, 30 min). The pellet was washed with 200 ll of 70% ethanol (13 000 rpm, 4°C, 10 min), air dried for 10 min and resuspended in 20 ll H 2 O.
Northern blot analysis
Northern blot analysis was performed using 3 lg of total RNA on 1.3 % agarose formaldehyde gels as described (Dienst et al., 2008) . The primers for generating the probe to detect the cis-encoded antisense RNA IsrR are given in Figure S1 (c).
Microarray hybridization
Two replicates of total RNA extractions were used in the microarray experiments. The used microarray design covered all genes and intergenic regions for which transcripts were previously detected Mitschke, 2011; Kopf et al., 2014) . Each time point was hybridized in duplicates. For RNA hybridizations, the DNase-treated RNA was labeled directly, without cDNA synthesis in 2 lg aliquots with Kreatech's ULS labeling kit for Agilent gene expression arrays with Cy3 according to the manufacturer's protocol. Fragmentation and hybridization was performed with 600 ng of labeled RNA according to the Agilent protocol for 8 9 60 k single colour microarrays. Arrays were scanned on the Agilent Technologies Scanner G2505B, using Agilent Feature Extraction Software 10.7.3.1 and the protocols G3_GX_1 colour for Cy3-labelled arrays. Raw data were processed with the R package Limma. Median signal intensity was normexp background corrected and quantile normalized. Analysis of the two replicates provided very similar data sets ( Figure S10 ). All data resulting from microarray analysis were deposited at NCBI's GEO database with the accession number GSE102876.
Real-time quantitative PCR
Samples for quantitative RT-PCR analysis were collected during the 0Fe?10Fe transition. RNA extraction was performed essentially as for the microarray analysis. DNase treatment (Turbo-DNAfree, Life Technologies, Grand Island, NY, USA) was followed by reverse transcription (Revertaid First Strand cDNA Synthesis Kit, Thermo Scientific, Wilmington, DE, USA) and the resulting cDNA was used directly for Q-RT-PCR. qPCR reactions were run on a LightCycler 480 (Roche), using 2.5 ll of LightCycler 480 SYBR Green I Mastermix and 2.5 lM forward and reverse primers in a final volume of 5 ll. Reactions were performed in triplicates in the following conditions: preheating at 95°C for 10 min, followed by 40 cycles of 10 sec at 95°C, 10 sec at 58°C, and 10 sec at 72°C. A calibration curve was generated for all samples. Primer sequences for each gene are presented in Table S1 . Three independent cultures were measured with at least two technical repeats each. The results were confirmed to be aligned to a linear calibration curve. Pgr5 data points were internally normalized to rnpB levels, an established housekeeping gene in Synechocystis 6803 (Pinto et al., 2012) and to wild type time 0. Figure S3 . Photosynthetic performance during recovery from Fe limitation. Section 2: Identification of the slr1658 frameshift mutation Figure S4 . Growth of wild type and newly constructed bactrioferritin co-migratory protein mutant strain through the 10Fe?0Fe? 10Fe transition. Figure S5 . The frameshift mutation in slr1658 and its results. Figure S6 . Complementation of the frameshift mutation in slr1658. Figure S7 . Sequence relationships among Slr1658 homologues. Table S1 . HHPred bioinformatics analysis. Section 3: Viability under Fe limitation Figure S8 . FACS raw data for Sytox stained cells. Section 4: Transcriptional analysis Figure S9 . Changes in the transcript levels of an iron responsive non-coding-RNA in Dslr0242_slr1658m compared with Dslr0242_slr1658c. Figure S10 . PCA analysis of the transcriptome data. Figure S11 . Transcriptomic differences in Dslr0242_slr1658m compared with Dslr0242_slr1658c at the À1 h time point. Figure S12 . Evolution of transcriptomic differences in Dslr0242_slr1658m compared with Dslr0242_slr1658c following addition of iron.
